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SYNOPSIS: A general philosophy of the role of engineering geology and engineering geophysics in 
seepage assessment is presented. Practical application of this philosophy is illustrated by a case 
history. A large dike continues to have anomalous seepage in spite of pre-construction and post-
construction grouting. The dike is founded over a graben of cavernous limestone with about a 200-ft. 
vertical offset along the bounding fault zones, which are horizontally separated by about 1000 ft. 
Objectives of the seepage assessment program were to define the geological and hydrological condi-
tions beneath the dike in sufficient detail to allow rational remedial planning. 
Integration of results of a geophysical investigation with the overall assessment program is 
emphasized: preliminary interpretation of the geophysical results is used to site new piezometers; 
detailed analysis of the geophysical results is used to site exploratory borings; feedback from ex-
ploratory borings and new piezometers is used to refine geophysical interpretation. 
INTRODUCTION 
Background 
Earth dams and dikes are expected to seep, and 
their designs include drainage systems to col-
lect and discharge seepage water into the 
downstream channel. Sometimes, however, seepage 
occurs in an unplanned manner, exceeding the 
capacity of the drainage system or along a path 
not considered in the seepage design. Excessive 
unplanned seepage may be just unsightly (though 
possibly disconcerting to the public), or it may 
threaten the integrity of the embankment. In 
these cases it may be necessary to conduct a 
seepage assessment program to detect and map 
seepage paths in order to more rationally plan 
remedial measures. 
Dike 1, at Beaver Dam has been experiencing a 
general increase in seepage rates since initial 
reservoir filling in 1966. Recently however, the 
proliferation of seepage exits along the toe of 
Dike 1 has prompted the Little Rock District, 
u.s. Army Corps of Engineers (SWL) to undertake 
a comprehensive seepage assessment program. This 
program consisted of examining the project his-
tory, mapping and topographic surveying, surface 
geophysical testing, extending the piezometer 
network (including drilling, sampling and 
testing), exploratory drilling, seepage flow 
measurements, planning for and installing an 
automated piezometer and flow measurement data 
acquisition system, and remedial measure 
analysis. In support of this effort the u.s. 
Army Engineer Waterways Experiment station (WES) 
was requested to perform a detailed geophysical 
investigation of the dike and its foundation. 
Purpose 
The purpose of this paper is to present the 
general philosophy of a seepage assessment 
program conducted at Beaver Dam, Arkansas. 
Described are the various phases of the program 
and how they are integrated to allow for a more 
rational approach to remedial planning. 
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Site Location and Description 
Beaver Dam is located on the White River at 
river mile 609.0 in Carroll county, Arkansas, 
approximately 6 miles northwest of Eureka 
Springs, Arkansas. Beaver Dam is a straight, 
gravity-type, concrete structure flanked to the 
north by an earth embankment and three saddle 
dikes. The location of Dike 1 relative to the 
concrete dam and main embankment is shown in 
Figure 1. The reservoir (Beaver Lake) is used 
for flood control, power generation, and water 
supply. Construction of the dam was started in 
November 1960 and ended in June 1966. Dike 1 is 
approximately 1,000 ft in length and 30 ft high. 
The top of the conservation pool is elevation 
1,120 ft while the top of the dike is elevation 
1,142 ft. Dike 1 is founded on severely 
weathered limestone and is experiencing seepage 
from various exits. 
GEOLOGY 
General Geology 
Beaver Dam and reservoir area are located in an 
area known as~the Ozark uplift, a region con-
sisting of flat-lying sedimentary rocks composed 
chiefly of limestone and dolomitic limestone. 
The strata are nearly horizontal over the 
greater part of the area but are locally 
deformed by simple dislocations along southwest-
northeast trending normal faults and shallow 
basins that in places of are of considerable 
magnitude. 
Physiography 
The upland area around the dam is a part of the 
Springfield Plateau, the surface of which is 
developed at approximate elevation 1500 ft the 
cherty limestone of the Boone Formation. In the 
dam and reservoir area, the White River has cut 
a channel approximately 600 ft in depth. This 
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Figure 1. Location of Dike 1 relative to concrete dam and main embankment 
incision into the Plateau surface has resulted 
in a deeply and intricately dissected type of 
topography. The entrenched river follows a 
meandering course across the area. 
Stratigraphy 
Five formations are exposed at the dam site. 
They are (moving upsection) the Powell Forma-
tion, the Cotter and the Jefferson City Forma-
tions of the Jefferson City Group which is of 
Ordovician age, the Chattanooga Formation of 
Devonian age, and the Boone Formation of Missis-
sippian age. The Chattanooga and the Boone For-
mations are generally above reservoir level ex-
cept in the vicinity of the left abutment of the 
dam and Dike 1 where the units are downfaulted. 
In the vicinity of the dam site, the Boone For-
mation caps the higher ridges and forms the 
sides of the valley down to approximate eleva-
tion 1200 ft. Beneath this lies the Chattanooga 
Shale member (Chattanooga Formation), which in 
turn is underlain by its Sylamore Sandstone mem-
ber. Beneath these and forming the valley walls 
below elevation 1180 ft and underlying the 
greater part of the valley bottom are limestones 
and dolomitic limestones of the Jefferson City 
Group (Design Memorandum No. 5, 1959) • 
Structural geology 
The general structural geology of the region is 
that of flat lying rocks which are locally 
deformed by simple dislocations along southwest-
northeast trending normal faults that extend for 
considerable distances, and by monoclines, low 
domes, and shallow basins. The Beaver Dam site 
lies near the northeast end of a very gentle, 
shallow, elongate, northeast-southwest trending 
structural basin known as the Price Mountain 
syncline. This basin is often faulted in areas 
where the downfolding is most pronounced. In the 
greater part of the lower end of the reservoir, 
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Ordovician strata underlie the valley floor and 
extend up the sides of the valley to about 
elevation 1,180 ft. overlying these and almost 
everywhere above pool level are formations of 
Devonian and Mississippian age. In localized 
areas, these units have been downfaulted to form 
a part of the foundation under the most 
topographically desirable dam sites in the val-
ley. This is the case at Dike 1. 
Dike 1 Foundation Materials 
Figure 2 shows the foundation materials underly-
ing Dike 1. Dike 1 is founded on a downfaulted 
block of the Boone formation. This downfaulted 
block (graben) extends approximately between 
station 63+00 at the northern end to approximate 
station 75+00 at the southern end, a total dis-
tance of approximately 1,200 ft. The graben is 
bounded by steeply dipping normal faults on 
either side trending roughly in a northeast-
southwest direction. The vertical displacement 
of these faults is approximately 200 ft. Cores 
of the rock adjacent to the northern fault zone 
show evidence of fracturing; however, the frac-
tures appear to be filled or cemented and sound. 
Boring information from the southern fault zone 
area indicates the presence of many clay-filled 
cavities. The southern fault gouge does not ap-
pear to have the same degree of soundness as the 
northern fault zone. The Boone Chert which makes 
up the foundation of Dike 1 can be divided into 
two distinct sub-units. The upper sub-unit of 
the Boone Chert (estimated thickness, 100 ft) is 
composed of calcium carbonate and chert which 
upon weathering has resulted in the removal of 
calcium carbonate and left a spongy, vuggy, 
residual material that is predominately chert. 
The lower sub-unit of the Boone Chert (estimated 
thickness, 60 ft) is also composed of calcium 
carbonate and silica; however, this sub-unit is 
characterized as being slightly weathered to un-
weathered and contains more crystalline calcium 
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Figure 2. Foundation materials underlying Dike 1 
carbonate. The lower sub-unit is moderately to 
closely jointed and this jointing has allowed 
the passage of water which has led to the dis-
solution of calcium carbonate and in turn has 
resulted in open channels and cavities. 
Underlying the Boone Chert Unit is the St. Joe 
Limestone, described as non-cherty, gray to 
green-gray, crystalline, very fossiliferous, and 
containing numerous thin shale seams and part-
ings. Underlying the St. Joe Limestone is the 
Chattanooga Shale described as black, firm, and 
fissile. The shale is considered to be an effec-
tive barrier to any downward movement of ground 
water. 
SEEPAGE HISTORY OF DIKE 1 
Pre-Construction Grout Curtain 
The foundation materials of Dike 1 were recog-
nized as being susceptible to seepage during the 
early phases of the site selection. In June 1959 
it was decided that an economical solution to 
prevent a potential seepage problem was to in-
stall a grout curtain. The grout curtain con-
sisted of two lines of holes spaced 5 ft apart 
with 10-ft hole spacings which extended to a 
depth of 5 ft below the top of sound or un-
weathered rock at all locations except between 
stations 72+70 and 74+70, where the grout cur-
tain was extended deeper (16 to 65 ft) into 
sound rock (Figure 2). A total of 284 holes 
(24,200 linear ft) were drilled in this grouting 
program. The grout (31,000 cu. ft) was placed by 
gravity flow (Reconnaissance Report, Beaver Dam, 
1984) • 
During initial filling of the reservoir (April 
1966) seepage was detected in a small valley 
downstream of Dike 1. The reservoir pool eleva-
tion at this point was 1,102+ ft and the seep 
was flowing at a rate of 150-200 gpm By June 
1966 the reservoir elevation was 1114 ft and 
eight additional seeps were detected with a com-
bined flow rate of approximately 400 gpm By the 
time remedial grouting operations were initiated 
in 1968, the combined flow rate of these seeps 
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had risen to approximately 800 gpm Conclusions 
from stUdies conducted at Dike 1, including flow 
measurements and dye tracing, indicated seepage 
was coming from the lake through two possible 
passages, either beneath the grout curtain 
through open cavities in the foundation rock, or 
along the top of rock or both. Seepage was oc-
curring along the entire length of Dike 1 with 
the most concentrated flow occurring in the 
vicinity of station 71+00 near the southern por-
tion of the dike (Reconnaissance Report, 1984). 
Several possible explanations why the pre-
construction grout curtain did not perform 
satisfactorily are as follows: 
a. Grout holes were not drilled deep enough 
to sound rock to intercept open joints. 
b. Since grout was placed by gravity flow, 
it is possible many small cavities and 
joints were not filled. 
c. Grout was too thick to enter some of 
the cavities and joints. 
d. Since drilling was performed with 
tricone roller bits using compressed air 
to remove cuttings, the cuttings could 
have plugged some of the cavities 
preventing them from being grouted. 
e. Many cavities and joints could have been 
missed altogether because of the grout 
hole spacing. 
Early Seepage Flow studies 
Flow measurements, exploratory drilling, pres-
sure tests, and dye and temperature tests were 
conducted from the time of leakage (1966) until 
1968 to determine the extent and routes of 
seepage through and beneath the dike and to for-
mulate possible remedial measures. These 
measurements were accomplished by installing two 
weirs, a Parshall flume, and twenty-seven 
piezometers. The data suggested that the leakage 
was issuing both through cavities below the 
original grout curtain and along the top of 
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crystalline/weathered rock interface. It was 
concluded that seepage occurred along the entire 
length of Dike 1 and to the fault zone beneath 
the main embankment at station 73+00, with the 
greatest seepage occurring along the shortest 
flow path in the vicinity of station 71+00. 
Remedial Grout curtain 
During the period July 1968 to December 1971 an 
extensive grouting program was conducted in an 
effort to abate the seepage occurring at the 
dike. The program consisted of 30,040 linear ft 
being drilled in 228 holes. Also, 38,900 cubic 
ft of grout solids were pressure injected into 
these holes with the heaviest grout takes occur-
ring in an area between stations 70+50 and 72+00 
(Figure 2). Problems encountered during the 
grouting operations were collapsing boring walls 
(cave-in), insufficient seating of casing, and 
incapability of grout pump to grout some large 
cavities to refusal. 
As a result of the remedial grouting program, 
seepage was reduced to approximately 450 to 500 
gpm for mid-pool elevations (1120-1130 ft), a 
decrease in flow of 30 to 35 percent. During 
the period 1971 through 1984 piezometers were 
manually read approximately twice a year by SWL 
personnel while the Parshall flume was read on a 
monthly basis by project personnel. During a pe-
riodic inspection in 1980 1 a new seepage area 
was located on the downstream right abutment of 
the dike. This prompted SWL personnel to under-
take an effort to locate, inspect, and describe 
all known seepage exits. 
Dam Safety Assurance Program 
When the u.s. Army Engineer Southwest Division's 
(SWD) Division-wide Master Plan for the Dam 
Safety Assurance Program was submitted in 1983, 
Beaver Dam was listed as requiring studies for a 
Reconnaissance Report under designated 
priorities of spillway adequacy and major 
seepage. The Reconnaissance Report (May 1984) 
concluded that seepage at Dike 1 would increase 
to near pre-grouting flows (800+ gpm.) during a 
Spillway Design Flood (Probable Maximum Flood, 
pool elevation 1,139.9 ft) and continue flowing 
at this rate even after the flood receded due to 
expansion of existing cavities. This conclusion 
was proven to be valid on 23 December 1984 when 
a Pool of Record (el 1,130.4 ft) occurred. 
During the emergency flood procedure inspection 
on that date the project superintendent observed 
a new seepage exit 500 feet downstream from Dike 
1 with a flow rate of approximately 25 gpm. The 
alarming factor at the newly discovered exit 
however, was the large amounts of detrital 
material (sediment), ranging from clay- to 
gravel-size being discharged in the flow, i.e. 
muddy water. Another new seep was discovered on 
2 January 1985 near the left dike/abutment con-
tact at approximate elevation 1,106 ft (Figure 
3). water from this new seep was described as 
jetting vertically with a flow rate of ap-
proximately 7 gpm. at pool elevation 1,125.1 ft 
(Feature Design Memorandum, 1987). The 1984 
Reconnaissance Report recommended that a seepage 
investigation be undertaken to determi.ne the 
location and extent of seepage and develop 
remedial measures to control seepage at Dike 1. 
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Figure 3. Location of seepage exits and proposed piezometer and exploratory borings. 
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A combined SWD/SWL/WES.meeting was held at 
Beaver Dam on 14-16 January 1985 to discuss the 
proposed seepage investigations, which were in-
itiated in February 1985. 
SEEPAGE INVESTIGATIONS 
General 
The new muddy seepage exit below Dike 1 dis-
covered during a pool-of-record (1,130.4 ft) in 
December 1984 not only substantiated the need 
for seepage investigations, but also added an 
element of urgency and a necessity to expedite 
the investigations, and recommendations of 
measures to control seepage. In 1985 the 
monitoring /inspection of instrumentation and 
seepage was revised to more frequent scheduling 
especially for pool levels above elevation 1 12S 
ft. The action having the greatest impact on' 
project operations, due to severe seepage, is 
the request and approval for a deviation (loss) 
of the authorized flood storage pool in Beaver 
Lake from elevation 1,130 to 1,128 ft until the 
se7page the seepage problem is resolved. The 
maJor elements of the seepage investigation are 
described below. 
Geophysical Investigations 
In March 1985 WES personnel conducted a 
geophysical investigation at Dike 1. Several 
geophysical methods were used for this study in-
cluding self-potential (SP), electrical resis-
tivity, electromagnetic induction (EM), seismic 
refraction, magnetic profiling, and borehole 
wa~er ~onductivityjtemperature measurements. The 
obJeCt1ves of the geophysical investigation were 
to (a) dete~t, map, and monitor seepage through 
the foundat1on of Dike 1, (b) delineate geologic 
structure beneath and immediately adjacent to 
Dike 1, and (c) provide input to the planning of 
remedial measures. 
The geophysical methods necessary for a seepage 
analysis are not difficult to use. However a 
geophysical survey program must be planned' 
based, to the maximum extent possible on 
knowledge of the (1) surface geometry of the dam 
and associated features, (2) design and con-
struction details of the structure, and (3) the 
geology of the foundation and abutments (Butler 
1985) • I 
The primary, long-term geophysical method was 
the self-potential (SP) method, which was 
monitored throughout the duration of the inves-
tigation. SP data were obtained during various 
pool levels to determine relationships of 
seepage flows and pool levels. The SP arrays 
were installed by SWL personnel in February 
1985. Initial SP readings were made by WES in 
March 1985. Subsequent readings, during various 
pool levels, were taken by SWL personnel and 
forwarded to WES for interpretation. Detailed 
results of the geophysical studies pertaining to 
the seepage investigation are presented in 
Supplement No. 1 of the Reconnaissance Report, 
1986. 
Additional geophysical studies were conducted at 
Beaver Dam in conjunction with the Corps of 
Engineers' Repair, Evaluation, Maintenance, and 
Rehabilitation Program (REMR). These REMR spon-
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sored geophysical tests included high-resolution 
s7ismic reflection, ground-penetrating radar, 
m1crogravimetry, and additional SP investiga-
tions. The ground-penetrating radar survey was 
conducted in September 1985 with an additional 
survey being conducted in February 1986. In 
August 1986 a high-resolution seismic reflection 
and ~ "low pool level" SP survey was conducted. 
Deta1led results of these geophysical surveys 
are presented in the Feature Design Memorandum 
1987. , 
The geophysical investigation was successful in 
delineating the fault zones bounding Dike 1 
which are believed to act as channels for l~ke 
water to exit downstream, as well as identifying 
ot~er faults which were not previously known to 
ex~st. The tests also identified fractured and 
saturated zones as well as determining the ver-
tical extent of the weathered Boone Chert. The 
tests also indicated that seepage is occurring 
along the entire length of the dike. The 
geophysical tests suggest that both axial and 
transverse seepage flows are occurring along the 
south fault zone, but that the north fault zone 
is relatively tight (impermeable) to those 
flows. Based on results of the geophysical tests 
an integrated seepage map was produced showing 
that seepage flows are moving primarily in an 
east-southeasterly direction with the greatest 
flows occurring between stations 69+00 and 
73+00, and along the south fault zone (Figure 
4). 
Exploratory Borings 
Twenty-five exploratory borings were drilled 
along the upstream crest of Dike 1 and its abut-
ments during.the period April 1986 to August 
1987. The pr~mary purpose of these borings was 
to delineate the limits and geologic charac-
teristics of the downthrown faulted block of the 
Boone Formation beneath Dike 1 and the North and 
So~th fracture zones that bound the Dike. 
Or~ginally, the boring locations were selected 
based on areas that had experienced high grout 
takes during the previous grouting program. 
However, locations for the borings were later 
changed to take advantage of information ob-
tained from geophysical testing. Based on 
results of the SP, resistivity, and other 
geophysical testing and also considering pre-
vious grout takes, fault locations, and 
piezometer data, WES submitted a list of 
proposed locations for exploratory borings to 
SWL for approval. Figure 3 shows the WES sug-
gested exploratory boring locations. 
Extensive investigations were conducted on each 
of the borings, typically included soil sam-
pling, diamond core drilling, detailed descrip-
tive logging of rock core, dye testing at zones 
of drill fluid loss, pressure testing of rock, 
downhole geophysical logging, inspection with 
downhole video equipment,· and laboratory testing 
of rock core samples. 
The investigations conducted in the exploratory 
borings determined that the northern fault zone 
has a vertical offset of 230 ft while the 
southern fault zone's vertical displacement 
measures approximately 146 ft. The unsound na-
ture of the fault zones was evidenced during 
drilling by noting the complete loss of drill 
fluid and large core losses. This condition was 
substantiated by SWD laboratory personnel while 
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Figure 4. Integrated seepage map 
performing "down-looking" and "side-wall 
looking" observations with a down-hole video 
camera. Numerous open cavities, channels, 
joints, and intensely fractured zones were en-
countered in the the fault zones as well as in 
the upper cherty Boone Formation. Subsurface 
flows through channels in rock were apparent in 
several borings where normally suspended fines 
could be seen moving rapidly. 
Piezometers 
There were 26 open (well point) piezometers at 
Dike 1 prior to the seepage investigation. A 
review and analysis of locations and depths of 
the existing piezometers was made to determine 
key areas (and depths) where piezometric data 
was inadequate for analyzing the overall 
groundwater (seepage) flow network beneath Dike 
1. The new piezometers were located in a direc-
tional alignment pattern (grid) with existing 
piezometers to facilitate preparation of cross 
sections through the piezometers, both parallel 
and perpendicular to the dike. Piezometers were 
also located to give broader coverage 
(north/south) of the fault zones and downstream 
seepage areas (eastjwest). The new piezometers 
were dual-tipped and were designed such that the 
lower tip was placed at or near elevation 1040 
ft, which is within the zone between known 
seepage exits and Parshall flumes located fur-
ther downstream, and the upper tip placed within 
the upper weathered Boone Formation, at an 
average depth of 11 feet below top-of-rock. 
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Four of the new piezometer sites were relocated 
in May 1985 based on results of SP and resis-
tivity geophysical tests conducted by WES. 
Figure 3 shows the WES proposed piezometer loca-
tions. Thirty piezometers were installed at Dike 
1 between the period May and September 1985, 
giving a total of 56 piezometers at the struc-
ture. 
The piezometer borings drilled in 1985 at Dike 1 
were sampled and tested to determine subsurface 
conditions prior to installing the piezometers. 
A common difficulty was heavy loss of drilling 
(circulation) fluid, with most borings having a 
total circulation loss at some point during 
drilling. A downhole camera lowered into several 
of the piezometers in August 1985 indicated rock 
characteristics and features which contribute to 
subsurface seepage such as open cavities, chan-
nels, intensive fracturing, and weathering. 
·seepage Flow Measurements 
Prior to the seepage investigation there was 
only one Parshall flume used for measuring 
seepage flow rates downstream of Dike 1. The 
frequency of the flow measurements were taken 
based on pool level. Measurements were made by 
reading the water level on a scaled gauge on the 
interior wall of the flume and converting the 
readings to gpm. In October 1985, a flow re-
corder was installed on the Parshall flume al-
lowing the seepage to be monitored continuously. 
In November 1985, a second Parshall flume and 
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recorder were installed approximately 170 ft 
downstream of the first flume. The necessity for 
a flume at this second location came from the 
appearance of the new muddy seepage flow which 
bypassed the first flume. 
Topographic Surveys and Mapping 
Field control for the seepage investigations, 
boring locations, and geophysical surveys was 
established by installing a 200-foot survey 
point grid. Also, the topographic map of Dike 1 
was updated by a new planetable survey, with a 
final plan on 2-foot contour lines. 
Seepage Study Findings and Recommendations 
In April 1986 SWL reported the findings of the 
seepage study in Supplement No. 1 of the Recon-
naissance Report. The report concluded that the 
foundation beneath Dike 1 was in an advanced 
stage of deterioration, and that seepage could 
be generally described as pervasive. Also, the 
risk factor and potential existed during a high 
(flood) pool condition for one of the numerous 
seepage flows to seek a new and larger exit 
path, by removal of detrital material (cavity 
clays, etc.), and "blowout" through the overbur-
den in the downstream area. Finally the report 
concluded that the element of time was both a 
critical and a debatable factor on a seepage 
problem such as this. 
The report also investigated various alterna-
tives for controlling seepage beneath the dike. 
The seepage control alternatives considered at 
Dike 1 were construction of an additional grout 
curtain, a cutoff wall, a downstream berm, 
placement of an upstream blanket, or do nothing 
and continue monitoring the seepage. The recom-
mended remedial technique was a concrete diaph-
ragm cutoff wall installed ~pstream of the cen-
terline of the dike. The report concluded that 
this was the most feasible method to adequately 
provide a positive cutoff of the seepage. The 
other methods were considered to be only tem-
porary measures to control seepage and in-
adequate for providing a positive cutoff, which 
was deemed necessary from seepage investiga-
tions. 
Automated Piezometer system 
During the period November 1986 through April 
1987 an automated monitoring network was in-
stalled at Beaver Dam to read all (88) open well 
point piezometers at Dike 1 and the main embank-
ment and Dike 3. The system transmits the 
piezometer information via telephone modem to 
the District Office (250 miles). Readings are 
routinely taken every 4 hours and can be read 
with a higher frequency if needed. Since the in-
stallation of the automated system a high degree 
of interconnection between piezometers has been 
detected. This was evidenced during·periods of 
drilling or performing down-hole tests when 
piezometers were being monitored at intervals as 
short as 1 hour. The automated system should aid 
in constructing more accurate piezometric 
profiles of the site since short term 
piezometric head versus pool level can be deter-
mined. 
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PLAN FOR REHABILITATION 
In september 1987 a Feature Design Memorandum 
was prepared by SWL. The report described the 
recommended design for a concrete diaphragm 
cutoff wall.The plan for the wall consists of 
constructing the wall through the embankment and 
permeable zone of the foundation rock. The wall 
will be a minimum of 1,400 feet long, 2 feet 
wide, and vary in depth from 130 to 205 feet. 
The estimated cost of constructing the cutoff 
wall is $16,000,000. 
A rock-mill type excavation system will be used 
to excavate the cutoff wall trench, using ben-
tonite slurry to stabilize the trench during 
both excavation and concrete placement. The 
rock-mill was determined to be the most effi-
cient and cost effective method to construct the 
proposed wall due to the amount and characteris-
tics of rock that will be encountered. More 
detailed information on this excavation method 
is given by Hess, 1985. 
Also included in the Feature Design Memorandum 
was a recommendation by WES to install and main-
tain an automated geophysical monitoring network 
to monitor seepage before, during, and after im-
plementation of a remedial measure (such as a 
concrete cutoff wall) • The result of the 
monitoring network analysis will be an assess-
ment of the effectiveness of the remedial 
measure. The computer controlled network is en-
visioned as consisting of a permanently in-
stalled SP array and borehole resistivity probes 
with the capability of scanning the network at 
any desired time interval. 
SUMMARY AND CONCLUSIONS 
The results of the seepage investigation indi-
cated that the foundation beneath Dike 1 was in 
an advanced stage of deterioration, and that 
seepage can be generally described as pervasive. 
Also, the risk factor and potential exists 
during a high (flood) pool condition for one of 
the numerous seepage flows to "blowout" through 
the overburden in the downstream area. Finally 
the report concluded that the element of time is 
both a critical and debatable factor on a 
seepage problem such as the one above. 
The investigation also recommended that a con-
crete diaphragm wall be installed upstream of 
Dike 1 as a mean of controlling seepage. 
By conducting a comprehensive seepage program 
such as the one performed at Beaver Dam it has 
been demonstrated that integration of results 
from various phases of the investigation has led 
to a more rational approach to remedial seepage 
planning. In a program of this magnitude it is 
very important to consider the geophysical sur-
veys as an integral part of the seepage 
analysis. It is also important for the project 
engineer and the geophysicist to communicate 
with each other and share their knowledge of the 
project in order to make more meaningful inter-
pretations of test data and to more efficiently 
plan any future testing. 
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